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administration of high-dose vitamin C (ascorbic acid or ascorbate), in addition to standard conventional
supportive treatments, has been shown to be a safe and effective therapy for severe cases of respiratory
viral infection. Morbidity, mortality, infectiveness and spread of infectious diseases are dependent on the
host-pathogen relationship. Given the lack of effective and safe antiviral drugs for coronaviruses, there

Iéz{(‘:/:;sisr:us should be more attention in supporting host immune defence, cytoprotection and immunoregulation.
Implementation of high-dose vitamin C therapy could dramatically reduce the need for high doses of
corticosteroids, antibacterials and antiviral drugs that may be immunosuppressive, adrenal depressive
and toxic, complicating the disease course. In order to effectively fight the novel SARS-CoV-2 virus,
medical professionals should explore readily available pharmaceutical and nutritional therapeutic agents
with proven antioxidant, anti-inflammatory and immunosupportive properties. Supplemental vitamin C
may also provide additional benefits for the prevention of viral infections, shorten the disease course and
lessen complications of the disease.

© 2020 The Authors. Published by Elsevier Ltd on behalf of International Society for Antimicrobial
Chemotherapy. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
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acute respiratory syndrome coronavirus (SARS-CoV) and Middle
East respiratory syndrome coronavirus (MERS-CoV), have affected
more than 10 000 people with mortality rates of 10% for SARS-CoV
[1] and 37% for MERS-CoV [2,3]. A new respiratory illness,
coronavirus disease 2019 (COVID-19), is caused by the novel
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
which is genetically similar to SARS-CoV/MERS-CoV but is
significantly more infective. In the period between the discovery
of the SARS-CoV-2 virus in December 2019 and the time that this
article was under revision in June 2020, the World Health
Organization (WHO) reported a total of more than 10.5 million
confirmed SARS-CoV-2 infections, including more than 512 000
deaths [4]. As the global case number of SARS-CoV-2 infections
keeps rising, health experts are focused on finding a solution with
fast-track vaccine and antiviral drug development. Using knowl-
edge from the SARS-CoV and MERS CoV vaccine development path,
several research groups have been able to start development of a
SARS-CoV-2 vaccine within a few weeks of the initial outbreak.
However, there is no evidence that this strategy would be timely or
successful in combatting the SARS-CoV-2 epidemic. Despite
decades of efforts, there are still no vaccines against viruses that
kill tens of millions of people every year such as human
immunodeficiency virus (HIV) and respiratory syncytial virus
[5]. Therefore, we should rigorously explore alternatives for
fighting COVID-19.

2. Clinical manifestations

Medical doctors have published several clinical and observa-
tional studies documenting the clinical features and outcomes of
SARS-CoV-2 infection. In a retrospective observational study of
710 patients with SARS-CoV-2 pneumonia, of 52 critically ill
patients enrolled, 98% had a fever, 77% had a cough and 63.5% had
dyspnoea. Moreover, 32 patients (61.5%) died after 28 days and
the median duration from ICU admission to death was 7 days [6].
Another study of 41 admitted hospital patients with laboratory-
confirmed SARS-CoV-2 infection reported that all 41 patients
exhibited pneumonia and had complications, including acute
respiratory distress syndrome (ARDS) (29%), acute cardiac injury
(12%) and secondary infection (10%). Moreover, 13 patients (32%)
were admitted to the intensive care unit (ICU) and 6 patients
(15%) died after intensive treatment [7]. Wang et al. reported the
clinical characteristics of 138 confirmed SARS-CoV-2 cases and
showed a 26% ICU admission rate and a 4.3% mortality rate [8].
Among the patients admitted to the ICU, 11.1% received high-flow
oxygen, 47.2% received invasive ventilation and 41.7% received
non-invasive ventilation, suggesting that patients in the ICU could
not breathe spontaneously. Lastly, in a separate report of 99
confirmed cases of SARS-CoV-2 pneumonia, Chen et al. found that
17 patients (17%) developed ARDS that led to 11 patients (11%)
quickly worsening in a short period and dying of multiple organ
failure [9]. This preliminary clinical evidence demonstrates that
considerable uncertainties are present in terms of prognosis and
mortality rate. Additional studies are needed to confirm and
refine the details of COVID-19. Yet these early observations still
show that COVID-19 is a dangerous illness with a poor clinical
prognosis.

3. Current therapeutics

Unfortunately, there is no vaccine or antiviral treatment
approved to treat human SARS-CoV-2. Therapeutic options are
being explored in vitro and in animal studies, including vaccines,
monoclonal antibodies, oligonucleotide-based therapies, interfer-
on therapies and small-molecule drugs [10]. However, these
treatments may take months or even years to reach patients. There
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is an urgent need for a standard of care regimen for COVID-19
patients in the absence of effective antiviral drugs.

Corticosteroids are frequently used to treat patients with viral
illnesses by reducing inflammation-induced organ damage.
However, based on historical data, caution should be taken when
using corticosteroids in coronavirus infections. Retrospective
reviews on SARS and MERS treatment suggest that administration
of corticosteroids failed to achieve a reduction in mortality rate and
potentially delayed viral clearance [11,12]. According to a large-
scale study conducted in 84 cities and 16 provinces in China, high-
dose corticosteroids were associated with increased mortality and
longer viral shedding in patients with influenza A (H7N9) viral
pneumonia [13]. This fact was confirmed by a larger meta-analysis
by Zhang et al. of 23 studies with a total patient population of 6105
assessing the efficacy of corticosteroid treatment for influenza A
(H1IN1). Their analysis confirmed that there was a similar trend of
steroid treatment associated with mortality [14]. High doses of
corticosteroids were observed to increase the risk of nosocomial
infection in patients with acute lung injury/ARDS and severe
pneumonia; high-dose steroids were associated with prolonged
viral shedding in haematopoietic cell transplant recipients infected
with seasonal influenza virus [15,16]. Mechanistically, corticoste-
roids suppress inflammation induced by severe influenza infec-
tion; however, they increase the risk of opportunistic infections
that occur secondary to immunosuppression. Administration of
corticosteroids is likely to increase overall mortality, with this
observation being consistent throughout the literature. Moreover,
it has shown been that corticosteroids might be associated with a
higher incidence of hospital-acquired pneumonia and a longer
duration of mechanical ventilation and ICU stay.

4. Correction of the redox imbalance as an antiviral therapeutic
strategy

Understanding how coronaviruses cause damage to human
cells and organs could offer clues for developing a more effective
therapy. Viruses cause infections that are often associated with
redox modification characteristic of oxidative stress. Changes in
redox homeostasis in infected cells are one of the key events in the
pathogenesis of respiratory viral infections in all phases of the
disease, contributing to severe inflammatory reaction and subse-
quent tissue damage [17]. Redox changes to an oxidised state also
play a critical role in the activation of numerous cell pathways that
are hijacked by viruses to assure their replication and to suppress
the patient’s immune response.

Viruses use several strategies to manipulate host cell machinery
to their advantage. Among these, the imbalance of intracellular
redox state caused by viruses could play an important role in
modulating the activity of several signalling pathways. Oxidative
imbalance caused by viral infections [18], ligand-receptor binding
[19] or cytokine storm [20] could result in localised oxidation of
reactive residues of redox-sensitive proteins. Increased oxidative
stress leads to a systemic inflammatory response due to increased
production of cytokines, contributing to ARDS, the key pathology
in the high mortality of acute respiratory viral infections [21].
Despite the antiviral role of cytokines in respiratory infections,
their overproduction during the cytokine storm is more damaging
to lung tissue than the viruses themselves.

As a common immunological defence mechanism, immune
cells respond to foreign infection by producing large quantities of
reactive oxygen species (ROS) to destroy invading organisms [22].
Previous pathological and histological examinations showed that
coronaviruses and influenza induced significant downregulation of
the airway antioxidant system, leading to lethal lung injury and
death from ARDS due to oxidative damage [23]. The autopsy
pathology of the novel coronavirus is similar to other virus-
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induced ARDS. In a report of 29 patients with confirmed SARS-CoV-
2 pneumonia, 27 (93%) showed increased high-sensitivity C-
reactive protein (hs-CRP), a marker of oxidative stress injury [24].

5. Possible role of vitamin C in viral infection and related
complications

Vitamin C has many properties that make it a valuable
therapeutic agent for respiratory infections. It is a potent
antioxidant with anti-inflammatory and immunosupportive
properties. Vitamin C is a small, water-soluble molecule that
readily acts as a one- or two-electron reducing agent for many
free radicals and oxidants. Specialised cells can take up reduced
vitamin C (ascorbic acid) through Na*-dependent ascorbate
cotransporters (SVCT1 and SVCT2). Most other cells take up
vitamin C in its oxidised form, dehydroascorbic acid, via
facilitative glucose transporters [25]. Almost all mammals,
except for humans, primates and guinea pigs, can synthesise
vitamin C in their livers, with increased production during
stress. Vitamin C is an essential vitamin that acts as a cofactor
for several enzymes and facilitates the production of catechol-
amines, vasopressin, L-carnitine, collagen neurotransmitters
and cortisol [26], which are central to cellular function and
homeostasis. Additionally, vitamin C plays a significant role in
viral infection, including attenuation of the pro-inflammatory
response, enhancement of epithelial barrier function, increased
alveolar fluid clearance, and prevention of sepsis-associated
coagulation abnormalities [27].

This essential vitamin has a huge role in antiviral activity and
immune enhancement. It has been shown that vitamin C is an
essential factor in the production of type I interferons during the
antiviral immune response [28]. Vitamin C has also been shown to
upregulate natural killer cell and cytotoxic T-lymphocyte activity
both in vitro and in vivo [26,29] and can be used as an inactivating
agent for the fixed rabies virus [30]. Other studies have used this
vitamin as an inactivating agent both for RNA and DNA viruses,
lessening viral infectivity. In addition, vitamin C can detoxify viral
products that produce pain and inflammation [29,31]. Evidence
has shown the effectiveness of vitamin C in treating pneumonia
and infection owing to its direct inhibitory effects on pathogens
[32]. Also, vitamin C is present in the epithelial lining of the
respiratory tract where it functions as a local mucosal protecting
agent, helping to ameliorate symptoms of upper respiratory tract
infection [33].

Sepsis is a life-threatening illness caused by a dysregulated
host response to infection. Untreated, it can lead to severe organ
damage throughout the body. It is difficult to manage, requiring a
combination of different treatments and supportive care for
critically ill patients. Fisher et al. demonstrated in a mouse model
that vitamin C plays a crucial role in multiple pathways associated
with sepsis [34,35]. Mice that were given vitamin C did not
experience multiple organ dysfunction syndrome, whilst mice
that were deficient in vitamin C were much more susceptible to
sepsis-induced organ damage. A proposed mechanism is that
ascorbate enhances the synthesis of the vasopressors norepi-
nephrine and vasopressin by acting as a cofactor. Therefore,
administration of ascorbic acid (vitamin C) in patients with
hypovitaminosis C during severe sepsis or septic shock supports
the endogenous synthesis of vasoactive compounds, reducing the
need for external vasopressors. These vasopressors help with the
widespread vasodilation during sepsis, regulating blood pressure
and fluid loss [36].

A high dose of vitamin C may be a proven therapeutic agent that
not only ameliorates oxidative stress and inflammation during
coronavirus infection, but also suppresses viral replication and
improves antiviral immune defence and adrenal function.
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6. Vitamin C in human clinical applications in viral infections,
pneumonia and sepsis

In a study looking at the impact of vitamin C on oxidative stress
and inflammation in community-acquired pneumonia (CAP), a
common infectious disease, researchers measured values includ-
ing reactive oxygen species (ROS), DNA damage, superoxide
dismutase (SOD) activity, tumour necrosis factor-alpha (TNFa)
and interleukin-6 (IL-6) in patients with CAP. The results show that
patients with severe CAP had significantly increased ROS, DNA
damage, TNFa and IL-6, but significantly decreased SOD [37].
Administration of vitamin C improved these redox imbalances by
mitigating oxidative stress and pro-inflammatory markers, sug-
gesting a possible therapeutic benefit for vitamin C in patients with
severe CAP and other types of pneumonia. This antioxidant and
anti-inflammatory property has been shown in a multitude of
studies, demonstrating efficacy in preventing lung injury and
protection against damage to other organs such as the heart,
kidneys and liver in animal models of oxidative stress [36,38,39].

Studies have shown that a high percentage of critically ill
patients are deficient in vitamin C despite receiving standard
nutrition. In an observational study, Carr et al. found that 75% of
critically ill patients had plasma levels of vitamin C that were
abnormally low, resulting from increased metabolism due to an
overactive inflammatory response [40]. A common way to
supplement vitamin C in the clinic is through intravenous (IV)
vitamin C administration. A phase I trial in patients with severe
sepsis demonstrated that IV infusion of ascorbic acid was safe, well
tolerated and had positive outcomes, including a significant
reduction in multiple organ injury and reduced inflammatory
biomarker levels [41]. High-dose IV vitamin C is commonly used by
complementary and alternative medicine practitioners to treat a
wide variety of conditions, including infections. A survey sent to
practitioners showed that over 20 000 patients received IV vitamin
C over a period of 2 years, with a mean number of infusions per
patient of 19-24. There were no definitive serious adverse events
reported and a very small number of minor reported adverse
effects [42].

Clinical trials have reported positive results for vitamin C
therapy in respiratory infections. Nathens et al. infused ascorbic
acid at 1 g every 8 h for 28 days in 594 critically ill surgical patients
and found a significantly lower incidence of acute lung injury and
multiple organ failure than in patients receiving mechanical
ventilation [43]. Vitamin C also significantly improved the ‘total
respiratory score’ in the most severely ill patients with respiratory
infection [44]. Fowler et al. reported a case study of a 20-year-old
female who contracted respiratory enterovirus/rhinovirus infec-
tion that led to acute lung injury and ARDS. At 12 h following the
initiation of extracorporeal membrane oxygenation (ECMO), high-
dose IV vitamin C was started with a dose of 200 mg/kg every 24 h
divided equally into four doses and infused every 6 h. The patient
recovered rapidly and ECMO and mechanical ventilation were
discontinued by Day 7. The patient recovered with no evidence of
post-ARDS fibroproliferative sequelae [21]. Dietary antioxidants
rich in vitamin C significantly attenuate hyperoxia-induced acute
inflammatory lung injury by enhancing macrophage function via
reducing the accumulation of airway high-mobility group box 1
protein (HMGB1) [45]. In the critically ill patient population, there
was a significant reduction in 28-day mortality in patients
supplemented with antioxidant vitamin C and E [46].

Vitamin C has also been shown to be effective against other
medical conditions. Marik et al. reported the use of [V vitamin C in
47 septic ICU patients, finding a significant reduction in mortality
rate in the group treated with high-dose IV vitamin C [47]. Several
other trials have also shown that administration of vitamin C to
patients with sepsis is associated with better patient outcomes
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[35,48]. However, in the CITRIS-ALI randomised clinical trial,
Fowler et al. did not observe significant differences in either organ
failure scores or biomarker levels for 167 patients when comparing
vitamin C infusion with placebo [49]. This lack of difference might
be explained by the low vitamin C dose of 50 mg/kg body weight
daily and short time frame of vitamin C infusion (only 96 h) in these
patients with sepsis and ARDS.

Vitamin C has been widely utilised in the prevention and
treatment of the common cold with varying degrees of effective-
ness. Hemild and Chalker determined that many of the studies
showed that vitamin C reduces the duration and severity of colds
[50], but the results were not consistent. Conversely, a recent
meta-analysis by Ran et al. of nine randomised placebo-controlled
trials did not come to a consistent conclusion. They found that the
combination of supplemental and therapeutic doses of vitamin C
has effects on reducing symptoms and length of the disease, but
only administration of a therapeutic dose of vitamin C (3.0-4.0 g/
day) during the disease leads to better recovery [51].

Meta-analyses of randomised controlled studies have shown
that vitamin C may protect against contrast-induced acute kidney
injury and shorten the duration of hospital and ICU stay of cardiac
surgery patients [52]. Hemild et al. identified 15 trials on the
prevention of atrial fibrillation in high-risk patients and found that
vitamin C decreased its incidence while shortening the length of
hospital stay [53]. Other studies have shown that a high dose of IV
vitamin C is effective against viral infections such as the common
cold, rhinovirus, avian virus HI1N1, Chikungunya virus, Zika virus
and influenza [31,54,55].

Optimal dose and administration of vitamin C for treatment of
pneumonia and acute respiratory distress syndrome (ARDS)

The dose and pharmacokinetics of vitamin C vary greatly,
especially with high-dose vitamin C treatment [56]. Pharmacoki-
netic trials concluded that 2-3 g/day of IV vitamin C was required
only to normalise plasma levels, whilst a higher dose was required
to achieve supraphysiological therapeutic levels [57]. For oral
supplementation, doses >3 g appear to be safe and demonstrated
efficacy in preventing and ameliorating respiratory and systemic
infections [40]. The antioxidant capacity of vitamin C is dose-
dependent, and direct radical scavenging capacity is maximal at a
plasma vitamin C level of >175 mg/L (1000 pwmol/L), more than ten
times the normal physiological level. Ascorbate prevents the
interaction of superoxide and nitric oxide only at very high
concentrations [58]. Results from pharmacokinetic studies indi-
cate that oral ascorbic acid doses of 1.25 g/day produce mean peak
plasma vitamin C concentrations of 135 mol/L, which is
approximately two times higher than those produced by consum-
ing 200-300 mg/day ascorbic acid from vitamin C-rich foods.
Pharmacokinetic modelling predicts that even doses as highas3 g
ascorbic acid taken every 4 h would produce peak plasma
concentrations of only 220 pwmol/L [59].

Different from oral administration, which is regulated via the
sodium-dependent vitamin C transporter-1 (SVCT1), IV adminis-
tration bypasses this pathway resulting in significantly higher
plasma concentrations. Levine et al. documented the dramatic
differences between the pharmacokinetics of oral and IV
administration of vitamin C [60,61]. They noted that IV vitamin
C was much more bioavailable inside the body and there was a
significant difference in the amount of ascorbic acid found in the
urine between the two groups. In other studies, [V administration
was reported to produce plasma concentrations as high as 26 000
pmol/L[62] and vitamin C serum levels reached 70-fold compared
with those that may be achieved through oral dosing alone [63]. de
Grooth et al. showed in their studies that plasma concentrations
>1000 pwmol/L can be achieved with the administration of 10 g IV
vitamin C/day. To restore plasma levels in critically ill patients, a
minimum of 2-3 g IV vitamin C is necessary [64]. For therapeutic
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purposes, the IV dose of vitamin C can be range between 10-16 g/
day to achieve plasma levels of >1000 pmol/L and to obtain
optimal benefit [41].

In one trial, 80% of the administered dose of vitamin C had been
filtered by the kidneys in 6 h following IV administration,
suggesting that the optimal frequency of vitamin C treatment
should be four times daily [65].

Data from the abovementioned pharmacological studies of
vitamin C indicate that [V administration is currently the only way
to achieve the optimal therapeutic concentration for the treatment
of patients with severe illnesses such as viral pneumonia, ARDS
and sepsis. Treatment with a high dose of vitamin C should start
with >10 g/day. Also, the daily dose of vitamin C as a preventive
agent should be started at >2000 mg.

7. Safety and possible side effects of vitamin C

Vitamin C has been used for many decades with few significant
adverse side effects reported. Only 10 mg/day of vitamin C is
necessary to prevent scurvy, but the ‘tolerable upper intake level’,
as recommended by US nutritional recommendations, is stated to
be 2 g/day for adults [66]. High-dose IV vitamin C administration
has been used clinically for several decades, and a phase I-II study
of the effects of IV vitamin C in combination with cytotoxic
chemotherapy in patients reported that a high dose of vitamin C
(1.5 g/kg body weight per 24 h) is safe and without major side
effects [67]. Stephenson et al. demonstrated in another phase I
study a dose curve from 30 to 110 g/m? of IV vitamin C and showed
it to be safe and tolerable to patients even at the maximum
dose [68].

Although there have been speculations about the potential
harm of larger doses of vitamin C, research has shown that there
is no concern for up to 2000 mg daily [61]. Pneumonia patients
have been observed receiving as much as 100 g/day of vitamin C
without developing diarrhoea or reported adverse side effects. A
possible mechanism has been attributed to the changes in
vitamin C metabolism caused by a severe infection [69]. Other
possible side effects that have been reported with extremely high
doses of IV vitamin C include dizziness, nausea, dry mouth,
perspiration and weakness [70]. Prevention of these side effects
includes proper hydration and fluids before and during treatment.
Caution has been advised for the use of IV vitamin C in patients
with end-stage renal failure predisposed to oxaluria. It has been
reported that vitamin C intake is a possible cause of renal failure
and kidney stones through the metabolic conversion of ascorbate
to oxalate causing hyperoxaluria and crystalluria [71,72]. Howev-
er, this has not been supported by prospective trials where risks
did not increase and kidney function even improved [73,74]. Case
reports have described oxalate nephropathy in burn patients after
vitamin C administration (101 g and 224 g in.<24 h), but these
levels are much higher than those used in most clinical
applications [75].

Glucose-6-phosphate dehydrogenase (G6PD) deficiency is
typically screened for prior to high-dose IV vitamin C administra-
tion owing to two case reports of haemolytic anaemia in G6PD-
deficient individuals following IV administration of 80 g of vitamin
C [76]. However, the lower IV vitamin C doses typically used for
prevention and therapy of <16 g/day would be unlikely to cause
haemolytic anaemia in G6PD-deficient individuals owing to a lack
of hydrogen peroxide generation at these doses. High concen-
trations of vitamin C can also affect blood glucose measurements
for some point-of-care glucometers, leading to false results [77].
This can lead to hypoglycaemia if aggressive insulin therapy is
applied. Therefore, glucose measurements after the administration
of pharmacological doses of vitamin C should be performed at the
central laboratory [78].
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8. Ongoing clinical trials

Several ongoing clinical trials are investigating the effects of
vitamin C, or ascorbic acid, in patients with COVID-19. According to the
clinical trials database (www.clinicaltrials.gov), there are a total of 13
active studies which are recruiting patients that have listed vitamin C
or ascorbic acid as one of the interventions. Three of these studies are
specifically studying the interaction of IV infusion vitamin C and its
effects on COVID-19. One of these studies (ClinicalTrials.gov ID
NCT04323514), conducted in Italy, is an uncontrolled longitudinal
study in a cohort of 500 hospitalised patients with COVID-19
pneumonia. The patients will be administered 10 g of vitamin C with
250 mL of saline intravenously on top of conventional therapy. The
study will measure endpoints such as mortality, CRP levels, lactate
clearance levels, length of hospital stay and resolution of symptoms. A
study in Virginia (USA) (ClinicalTrials.gov ID NCT04357782) is also
studying the effects of administering IV vitamin C for coronavirus
infection and decreased oxygenation. They have a study cohort of 20
patients and are giving the infusion of ascorbic acid at 50 mg/kg 1-
ascorbic acid every 6 h for 4 days. Lastly, there is a randomised
controlled trial being conducted in Quebec, Canada (ClinicalTrials.gov
ID NCT04401150) comparing the effects of IV vitamin C (50 mg/kg
every 6 h for 96 h) to normal saline for a reduction in morbidity and
mortality in patients hospitalised with COVID-19. This study is
estimated to enrol 800 participants and is specifically measuring the
effect of IV vitamin C on organ dysfunction.

There are currently two ongoing trials examining the effects of
oral supplementation of vitamin C on COVID-19 symptoms. One
ongoing trial being held in the Cleveland Clinic in the USA
(ClinicalTrials.gov ID NCT04342728) is specifically examining the
impact of oral ascorbic acid and zinc gluconate on the management
of COVID-19. Patients will be randomised into groups receiving
either 8000 mg of ascorbic acid, 50 mg of zinc gluconate, or the
combination of both supplements in this controlled trial. The
primary outcome measure is to see whether there is any symptom
reduction after 28 days. The other trial is being hosted at King Saud
University in Saudi Arabia (ClinicalTrials.gov NCT04323228)
studying the effects of oral supplement enriched in antioxidants,
including 1500 g of vitamin A (as p-carotene), 250 mg of vitamin
C, 90 mg of vitamin E, 15 pg of selenium and 7.5 mg of zinc. Forty
COVID-19-positive patients will be randomised into either
receiving this supplementation or a placebo and their health
status, clinical assessment and biochemical data will be measured
from baseline to up to 3 months.

Other ongoing clinical trials are studying the effects of ascorbic
acid as a prophylactic taken alongside conventional medication. In
a 600-participant double-blinded randomised trial (ClinicalTrials.
gov ID NCT04335084), ascorbic acid is being given alongside
hydroxychloroquine, vitamin D and zinc to test whether the drug
hydroxychloroquine has more effect than normal nutritional
supplements. This study is mirrored in a trial sponsored by
ProgenaBiome (ClinicalTrials.gov ID NCT04334512) who are
testing the same treatment. While a study in Turkey (Clinical-
Trials.gov ID NCT04326725) is testing the effects of vitamin C and
zinc alongside hydroxychloroquine to see whether the supplement
can boost the effects of an experimental drug. Other trials are using
ascorbic acid as a control in double-blinded studies. In a
randomised, multicentre, blinded trial (ClinicalTrials.gov ID
NCT04328961), ascorbic acid (500 mg daily) is being given as
the placebo arm to test against the hydroxychloroquine experi-
mental arm.

9. Conclusion

Viral infections such as SARS-CoV-2 (COVID-19), influenza,
respiratory syncytial virus and many others are usually associated

with increased oxidative stress leading to oxidative cellular and
tissue damage resulting in multiorgan failure. Vitamin C has
demonstrated favourable therapeutic properties and a good safety
profile throughout a wide range of clinical applications. Adminis-
tration of high-dose vitamin C as a therapeutic agent can
favourably impact patients with viral pneumonia and ARDS in
severe SARS-CoV-2 infection by decreasing inflammation and
pathogen infectiveness and virulence, optimising immune de-
fence, reducing tissue and organ injury, and improving the overall
outcome of the disease.

Application of a high dose of vitamin C can dramatically reduce
the need for treatment with high doses of corticosteroids,
antibacterials and antiviral drugs. Vitamin C also can be effective
for primary prevention of viral infections by boosting the innate
immune response. In infected patients, vitamin C therapy may
shorten the disease course and prevent complications of the
disease [47,79]. In addition to vitamin C, other nutraceutical
antioxidants widely available as over-the-counter drugs or food
supplements can be used to improve the redox balance and reduce
tissue damage in patients with viral pneumonia and ARDS. These
possible agents include, but are not limited to, tocopherol, lipoic
acid, N-acetylcysteine, glutathione, r-carnitine, coenzyme-Q10,
zinc and selenium compounds.

Given the fact that vitamin C is inexpensive and has a history of
efficacy and safety in similar clinical circumstances, further
investigation should be done on its prophylactic ability in low
doses and therapeutic ability in high doses. Instead of traditional
double-blind controlled clinical trials, we recommend conducting
comprehensive retrospective studies comparing disease progres-
sion and post-infection complications among patients who were or
were not self-administering vitamin C during the course of their
disease. This may provide timely data on the possible preventive
and therapeutic values of vitamin C for medical and public interest
in the current COVID-19 pandemic.
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